10 Supercapattery combining an ideally polarized capacitor-like electrode and a battery-like 11 electrode is demonstrated theoretically and practically using an ionic liquid electrolyte 12 containing 1-butyl-1-methylpyrrolidinium tri(pentafluoroethyl)trifluorophosphate (BMPyrrFAP), 
Introduction

5
Supercapattery (=supercapacitor + battery) takes the advantages of both supercapacitor 6 (also known as electric double layer capacitor, or EDLC) and battery by combining an ideally 7 polarized capacitor-like electrode and a battery-like electrode. 1 Although lithium ion capacitor 2, 3 8 is also comprised of this hybrid configuration, supercapattery is the more general term of the 9 particular design.
10
In theory, supercapattery can possess higher energy density than both battery and 11 supercapacitor and can supply this energy at a power output almost as high as supercapacitor.
12
The high power output of supercapattery is mainly a result of sharing the same electrochemical 13 active materials with supercapacitor, where the nanostructured carbons, like activated carbon
14
(Act-C), carbon nanotubes (CNTs) and graphene are the best choice for the ideally polarized 15 electrode because of their large surface area, porosity, stability over a wide potential window, 16 and intrinsically low electrical resistance. In addition, pseudo-capacitive materials including
17
MnO 2 , RuO 2 and conducting polymers can also be used as the capacitor-like electrode materials 18 providing the high electrode capacitance, but limiting the potential windows.
19
As to the battery-like electrode, various electrode materials from commercial battery 20 systems can be the candidate, from lead acid batteries to metal/air systems, but in practice, metal 21 compounds 3-5 like SnO 2 , MnO 2 and LiFePO 4 are more common and commercially available.
22
Theoretically, the hypothetical battery comprising lithium metal and fluorine gas (Li-F battery) the cell voltage vary from 3.5 V to 1.0 V. This theoretical value is even higher than the one of 8 the Li-ion battery.
9
The above calculation is based on the equation of the capacitor energy, Eq. 1,
where C is the specific capacitance of a capacitor, and E max is the maximum energy capacity of a However, the current density of the aforementioned devices is only 0.255 mA cm -2 , which is LiClO 4 (Sigma Aldrich), were commercially available and used without further purification.
18
Lithium metal (foil, Sigma Aldrich) was kept and handled in an argon filled glove box. The from Celgard was used as the separator in the sandwich type cell.
23
For the electrochemical tests, the Act-C powder was made into pellet type and casted 1 electrodes with PTFE and PVDF, respectively. The details of fabricating the Act-C/PTFE pellet 2 electrode can be found in previous publication from this laboratory. 21 The Act-C/PVDF electrode All the experiment is operated at room temperature. More experimental details are specified 9 in the following sections.
11
Results and discussion
12
The pore size and volume distribution of an Act-C are the most important physical between the electrolyte and Act-C particles, and vary the charge storage performance of the Act-
21
C sample. As to the organic electrolyte, the wetting is not a problem anymore, while the 22 interaction between electrolyte and carbon materials inside the pore will play an important role.
23
A theory was proposed for the traditional organic electrolyte, that the longer the pore inside the 1 particle is, the poorer performance of the capacitance of the porous carbon materials is. 3 This is 2 mainly due to the ion block of the pores by the non-ionic solvent molecular. Similar phenomenon 3 was also observed in the case of aqueous electrolyte with organic additive. . This reference can be prepared following the method described in reference. 22 It 16 should be mentioned that the reference electrode is changed to Li/Li + electrode in the latter 1 discussion except in Fig. 2 . Any potential in this paper will be suffixed with the reference 2 electrode used in the experiment. is about 100 F g -1 , which is comparable to the value of the same sample got in aqueous 6 solution. 21 The voltage of this ionic liquid based symmetrical cell is not increased dramatically,
7
while the resistance of the cell will increased compared to the cell using an aqueous electrolyte.
8
In this case, changing electrolyte from an aqueous to a non-aqueous electrolyte is not economic.
9
A new strategy should be made to improve the energy capacity of the cell.
10
As aforementioned, the lithium battery or Li-ion battery processes very high energy capacity shows an electrochemical window more than 4 V using Pt and GC electrodes. The ionic liquid 4 solution could be a potential candidate for the supercapattery electrolyte. The galvanostatic charge-discharge test was run under a current density of 1.02 mA cm -2 .
7
Because the negative electrode is a lithium foil, the voltage of the cell decays smoothly and 8 linearly during the discharging process from 4.3 to 1.7 V. Because the charging and discharging 9 curve is almost symmetric, we still can calculate the specific capacitance and energy capacity by 
